The discovery and initial description of the interferon-l (IFN-l) family in early 2003 opened an exciting new chapter in the field of IFN research. There are 3 IFN-l genes that encode 3 distinct but highly related proteins denoted IFN-l1, -l2, and -l3. These proteins are also known as interleukin-29 (IL-29), IL-28A, and IL-28B, respectively. Collectively, these 3 cytokines comprise the type III subset of IFNs. They are distinct from both type I and type II IFNs for a number of reasons, including the fact that they signal through a heterodimeric receptor complex that is different from the receptors used by type I or type II IFNs. Although type I IFNs (IFN-a/b) and type III IFNs (IFN-l) signal via distinct receptor complexes, they activate the same intracellular signaling pathway and many of the same biological activities, including antiviral activity, in a wide variety of target cells. Consistent with their antiviral activity, expression of the IFN-l genes and their corresponding proteins is inducible by infection with many types of viruses. Therefore, expression of the type III IFNs (IFN-ls) and their primary biological activity are very similar to the type I IFNs. However, unlike IFN-a receptors which are broadly expressed on most cell types, including leukocytes, IFN-l receptors are largely restricted to cells of epithelial origin. The potential clinical importance of IFN-l as a novel antiviral therapeutic agent is already apparent. In addition, preclinical studies by several groups indicate that IFN-l may also be useful as a potential therapeutic agent for other clinical indications, including certain types of cancer.
Introduction

I
n early 2003, 2 groups independently reported the discovery of a trio of novel interferon (IFN)-like cytokines that are referred to as either , IL-28A, and IL-28B, respectively (Kotenko and others 2003; Sheppard and others 2003) . Both groups also identified and characterized the novel receptor, IFN-lR1 (also known as IL-28RA), through which these cytokines mediate their biological activities. Since their original description in 2003, much has been learned about this exciting new group of cytokines and their functions. In the fall of 2009, several of the leading scientists who are conducting IFN-l-related research presented summaries of their studies in a special focus session on these cytokines during the annual meeting of the International Society for Interferon and Cytokine Research in Lisbon, Portugal. This special issue of Journal of Interferon & Cytokine Research includes a series of review articles by all of the speakers who presented in that special session as well as several additional invited experts. This collection of articles provides an excellent summary of the current state of knowledge regarding many aspects of IFN-l biology.
IFNs are key cytokines in the establishment of a multifaceted antiviral response. Three distinct types of IFNs are now recognized (type I, II, and III) based on their structural features, receptor usage and biological activities. Although all IFNs are important mediators of antiviral protection, their roles in antiviral defense vary. Type I IFNs (IFN-a/b/ o/e/k in humans) possess strong intrinsic antiviral activity, and are able to induce a potent antiviral state in a wide variety of cells (Levy and Garcia-Sastre 2001; Samuel 2001) . The essential role of the type I IFNs in the induction of antiviral resistance has been clearly demonstrated using type I IFN receptor knockout mice because such animals are highly susceptible to many viral infections (Mü ller and others 1994; Hwang and others 1995; Steinhoff and others 1995) . In contrast, studies with IFN-g and IFN-g receptor knock-out mice (Dalton and others 1993; Huang and others 1993; Lu and others 1998) as well as analysis of humans who possess inherited genetic mutations of the IFN-g receptor (Dorman and others 2004; Novelli and Casanova 2004) revealed that antiviral activity is not the primary biological function of IFN-g.
IFN-g is classified as a Th1-type cytokine that stimulates cell-mediated immune responses that are critical for the development of host protection against pathogenic intracellular microorganisms such as Mycobacterium tuberculosis (Bach and others 1997; Boehm and others 1997; Pestka and others 1997) .
IFN-g also plays a central role in the development of antitumor immune responses, and it can amplify the induction of antiviral activity by IFN-a or -b. Therefore, type I and type II IFNs often work together to activate a variety of innate and adaptive immune responses that result in the induction of effective antitumor immunity and the elimination of viral infections (Biron 2001; Le Bon and Tough 2002; Pestka and others 2004b) .
IFNs are part of the larger family of class II cytokines that also includes 6 IL-10-related cytokines: IL-10, IL-19, IL-20, IL-22, IL-24, and IL-26 (Kotenko 2002; Renauld 2003; Pestka and others 2004a) as well as several viral IL-10-related cytokines . IFNs and the IL-10-related cytokines can be grouped into the same family because they all signal via receptors that share common motifs in their extracellular domains. These receptors comprise the class II cytokine receptor family (CRF2). Consequently, IFNs and the IL-10-related cytokines are sometimes referred to as ''CRF2 cytokines.'' The type I IFN family in humans consists of 13 IFN-a species and a single species of IFN-b, IFN-k, IFN-o, and IFN-e (LaFleur and others 2001; Hardy and others 2004; Langer and others 2004; Pestka and others 2004b) . There is only one type II IFN known as IFN-g. Although the tertiary structure of IFN-g resembles that of IL-10, its primary structure has diverged the most from all of the CRF2 ligands. The most recent addition to the CRF2 family, the type III IFNs or IFN-ls, demonstrate structural features of the IL-10-related cytokines but also induce antiviral activity in a variety of target cells, which supports their functional classification as a new type of IFNs (Kotenko and others 2003; Sheppard and others 2003) . In humans, 3 distinct but closely related IFN-l proteins, IFN-l1, -l2, and -l3 (also known as IL-29, IL-28A, and IL-28B, respectively) form the type III IFN family. Phylogenetically, the IFN-l genes reside somewhere between the type I IFN and IL-10 gene families (Fig. 1) . Amino acid sequence comparisons show that the type III IFNs exhibit about *5%-18% identity with either type I IFNs or the IL-10-related cytokines.
The IFN-l proteins bind and signal through a receptor complex composed of the unique IFN-lR1 chain (also known as IL-28RA) and the shared IL-10R2 chain which is also a part of the receptor complexes for IL-10, IL-22, and IL-26 (Kotenko and others 1997, 2001; Xie and others 2000; Donnelly and others 2004; Hö r and others 2004; Sheikh and others 2004) . In contrast, all type I IFNs exert their biological activities through a heterodimeric receptor complex composed of the IFN-aR1 (IFNAR1) and IFN-aR2 (IFNAR2) chains, and type II IFN (IFN-g) engages the IFN-gR1 (IFNGR1) and IFN-gR2 (IFNGR2) chains to assemble its functional receptor complex. Although the IFN-ls do not use the IFN-a receptor complex for signaling, signaling through either IFN-l or IFN-a receptor complexes results in the activation of the same Jak-STAT signal transduction cascade.
IFN-l binds initially to the IFN-lR1 chain, and the binary complex formed by the association of IFN-l with the IFNlR1 chain causes a rapid conformational change that facilitates recruitment of the second receptor chain, IL-10R2, to the complex. Once assembly of the ternary complex is complete, the receptor-associated Janus tyrosine kinases, Jak1 and Tyk2, mediate trans-phosphorylation of the receptor chains which results in the formation of phosphotyrosine-containing peptide motifs on the intracellular domain (ICD) of the IFNlR1 chain that provide transient docking sites for latent preformed cytosolic STAT proteins, including STAT1 and STAT2. Signaling through type I (IFN-a/b) or type III (IFN-l) IFN receptor complexes results in the formation of a transcription factor complex known as IFN-stimulated gene factor 3 (ISGF3). This complex consists of 3 proteins, STAT1, STAT2, and IFN regulatory factor-9 (IRF-9) (also known as ISGF3g or p48). Once assembled, ISGF3 then translocates to the nucleus where it binds to IFN-stimulated response elements in the promoters of various ISGs. Consequently, the A phylogenetic alignment of the class II cytokine family genes. Alignment of the human interferon-l (IFN-l) genes with either (A) the human type I IFN genes or (B) the human interleukin-10 (IL-10)-related cytokines was used to generate a phylogenetic tree for the class II cytokine genes. Only one IFN-a was used in this alignment because the thirteen human IFNa subtypes have nearly identical sequences. Because of the low sequence identity, these trees are subject to small changes, so these alignments are intended to be instructive, not definitive.
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biological activities induced by either type I or type III IFNs are very similar, including induction of antiviral activity and up-regulation of major histocompatibility complex (MHC) class I antigen expression on many cell types.
Organization of the IFN-k and IFN-k Receptor Genes
As shown in Fig. 2A , the IFN-l genes are clustered together on human chromosome 19 (19q13.13 region) or murine chromosome 7 (7A3 region). The IFN-l3 gene (IL28B) is transcribed in the opposite direction of the IFN-l1 (IL29) and IFN-l2 (IL28A) genes. The coding region for each of these genes is divided into 5 exons. The intron-exon organization of the genes encoding the IFN-ls correlates well with the common conserved architecture of the genes encoding the IL-10-related cytokines (Kotenko 2002; Kotenko and Donnelly 2006) . Although the intron sizes vary significantly, the exon sizes and positions and frames of the intron/exon junctions are highly conserved within the genes for the type III IFNs and the IL-10-related cytokines. In contrast, the type I IFN genes lack introns.
As already mentioned, there are 3 functional IFN-l genes in the human genome. It appears that, after the divergence of the IFN-l1 and IFN-l2 genes, a more recent duplication event occurred in which a fragment containing the IFN-l1 and IFN-l2 genes was copied and integrated back into the genome in a ''head-to-head'' orientation with the IFN-l1-IFN-l2 genomic segment. Divergence within this region created the IFN-l3 gene, which is almost identical to the IFNl2 gene not only in the coding region but also in the upstream and downstream flanking sequences. However, in the duplicated fragment, the segment that contained the IFN-l1 gene was extensively mutated so that only separate pieces that do not encode a functional gene (denoted IFN-l4C in Fig. 2A ) can be found in this region.
Analysis of the murine genome showed that the region that is colinear with the human IFN-l (hIFN-l) gene cluster is located on chromosome 7A3, and it has a similar organization to the hIFN-l locus ( Fig. 2A) . Two full-length genes colinear with the hIFN-l2 and hIFN-l3 genes were predicted to encode functional proteins, and were designated murine IFN-l2 (mIFN-l2) and mIFN-l3 in accordance with the corresponding human genes (Lasfar and others 2006) . The corresponding mIFN-l2 and IFN-l3 proteins demonstrate higher amino acid sequence homology to hIFN-l2 and IFNl3 than to hIFN-l1. In contrast to the IFN-l2 and IFN-l3 genes that are conserved in both the murine and human genomes, the IFN-l1 gene equivalent in mice lacks the entire exon 2 and contains a stop codon within exon 1. Despite these aberrations, exons 3, 4, and 5 are intact. Sequence analysis of the IFN-l1 genomic fragment from several mouse strains (CD1, FVB, C57BL/6, 129/Sv and wild-type feral mice) revealed significant sequence variations in the region between exons 1 and 3 (Lasfar and others 2006) . Nevertheless, the stop codon within exon 1 was present in all of the strains, and exon 2 could not be predicted in any of the strains. Studies conducted in several labs have shown 
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that this mutated mIFN-l1 gene does not encode a functional IFN-l1 protein. Therefore, the mouse IFN-l1 gene is a pseudogene. It is noteworthy that, in the case of the hIFN-l genes, IFN-l1 is less homologous to IFN-l2 or IFN-l3 than IFN-l2 and IFN-l3 are to one another. It is also interesting that among the 3 hIFN-l proteins, only IFN-l1 is N-linked glycosylated, whereas both of the mIFN-l proteins (IFN-l2 and -l3) are glycosylated (Kotenko and others 2003; Bartlett and others 2005; Lasfar and others 2006) . The high degree of homology between the IFN-l genes suggests that these genes evolved from a common predecessor relatively recently. Particularly, the IFN-l3 gene (IL28B) is almost identical to the IFN-l2 (IL28A) gene not only in the coding region but also in the upstream and downstream flanking sequences. Thus, the promoters of the IFN-l2 and IFN-l3 genes are very similar and share several common elements with the IFN-l1 promoter, suggesting that all 3 genes are likely to be regulated in a similar manner (Onoguchi and others 2007; Osterlund and others 2007; Thomson and others 2009) . Computer analysis predicts the existence of potential binding sites for a variety of transcription factors, including AP1 (dimeric transcription factor containing members of the Jun, Fos, ATF, and Maf protein families [reviewed in Eferl and Wagner (2003) ] and nuclear factor-kB (Silverman and Maniatis 2001; Li and Verma 2002) , as well as multiple virus response elements that provide the binding sites for various IRF proteins. These same transcription factors have been shown to be involved in the regulation of transcription of the type I IFN genes (Wathelet and others 1998) . Indeed, studies have shown that the type III IFN genes are expressed in response to many of the same stimuli that activate expression of the type I IFN genes (Coccia and others 2004; Ank and others 2006) . These stimuli include many types of viruses and a variety of Toll-like receptor (TLR) agonists.
As shown in Fig. 2B , the genes encoding the IFN-l receptor subunits, IFN-lR1 (also known as IL-28RA or CRF2-12) and IL-10R2 are located on human chromosome 1 (1p36.11 region) and chromosome 21 (21q22.11 region), or murine chromosome 4 (4D3 region) and chromosome 16 (16C3.3 region), respectively (Kotenko and others 2003; Sheppard and others 2003; Lasfar and others 2006) . It is noteworthy that the IFN-lR1 gene is located in very close proximity to the gene for another important class II cytokine receptor, IL-22R1 (IL22RA1). Both the IFN-lR1 gene and the adjacent IL-22R1 gene are transcribed in the same direction. Interestingly, the IL-10R2 gene, IL10RB, is clustered together with 3 other genes that encode members of the CRF2 family: IFN-aR1 (IFNAR1), IFN-aR2 (IFNAR2), and IFN-gR2 (IFNGR2). All 4 of these genes are transcribed in the same direction. The IFN-lR1 and IL-10R2 genes have a similar intron/exon structure that is also shared by other genes encoding class II cytokine receptor proteins (Kotenko 2002) . The coding regions of the receptor genes are composed of 7 exons (Fig. 2B) . Exon 1 encodes the 5'-UTR and the signal peptide, the extracellular domain is encoded by exons 2, 3, 4, 5, and part of exon 6. Exon 6 also encodes the transmembrane domain and the beginning of the ICD. Exon 7 encodes the rest of the ICD and the 3'-UTR.
The primary IFN-lR1 mRNA transcript in human cells is *5 kb long. However, several variant IFN-lR1 transcripts of different sizes have been detected. Differential mRNA splicing of the hIFN-lR1 gene generates at least 3 splice variants. When all 7 exons of the IFN-lR1 gene are present in the transcript, a full-length, membrane-associated, signalingcompetent IFN-lR1 protein is generated. When exon 6 is spliced out of the transcript, a secreted soluble IFN-lR1 protein is generated. Another splice variant, generated by a distinct splicing event, encodes a membrane-bound receptor with a shorter intracytoplasmic domain than that found in the full-length IFN-lR1 protein. This particular IFN-lR1 splice variant is likely to be signaling-incompetent. All 3 of these variant forms of IFN-lR1 share the same extracellular domain, and therefore have similar affinity for binding of IFN-ls. It remains to be seen whether alternative splicing of the mouse IFN-lR1 gene also occurs. It is possible that these IFN-l receptor variants evolved to mediate unique biological functions. For example, the soluble IFN-lR1 protein may function as a naturally occurring receptor antagonist to limit signaling through the membrane-bound form of this receptor (Witte and others 2009) .
Although IFN-lR1 is constitutively expressed by a broad range of cell lines and tissues, there are many cell types that do not express IFN-l receptors, and, as a consequence, cannot respond to treatment with this cytokine. For example, only type I IFNs but not type III IFNs can induce STAT activation in primary fibroblasts, human umbilical vein endothelial cells, and murine splenocytes (Lasfar and others 2006; Sommereyns and others 2008) . Peripheral blood mononuclear cells and bone marrow cells demonstrate only very weak activation in response to IFN-l treatment (Lasfar and others 2006) , and it appears that most leukocytes do not respond to IFN-l even at high concentrations. Cells of epithelial origin appear to be the primary targets for IFN-l because, unlike leukocytes, they express significant levels of IFN-lR1 ( (Fig. 2B) , it is tempting to speculate that expression of these genes is coregulated under certain conditions.
The IFN-k Receptor Complex and Signaling Pathway
IFN-ls exert their biological activities by signaling through a heterodimeric receptor complex composed of IFNlR1 and IL-10R2 (Kotenko and others 2003; Sheppard and others 2003) . The IL-10R2 chain is also an essential component of the receptor complexes for IL-10, IL-22, and IL-26 (Donnelly and others 2004) . In contrast, the IFN-lR1 chain is a private receptor that is used for signaling only by the IFN-l proteins. IFN-ls appear to be monomers as demonstrated by cross-linking experiments with radioactively labeled IFN-l1 and by gel filtration chromatography. As depicted in Fig. 3 , the IFN-l proteins require both receptor chains (IFN-lR1 and IL-10R2) to achieve high affinity binding, and one molecule of IFN-l is likely to physically interact with a single molecule each of the IFN-lR1 and IL-10R2 subunits.
Binding of IFN-l1, -l2, or -l3 to the membrane-associated IFN-l receptor complex leads to the activation of the Janus kinases, Jak1 and Tyk2, subsequent tyrosine phosphorylation of the IFN-lR1 ICD, and activation of the latent transcription factors, STAT1 and STAT2 (Kotenko and STAT recruitment occurs mainly through the phosphotyrosine-containing peptide motifs on the IFN-lR1 ICD. The murine and hIFN-lR1 polypeptide chains share *67% overall homology. There are 2 conserved tyrosine residues on the ICD of mouse and hIFN-lR1. In the case of the hIFNlR1 chain, these 2 tyrosine residues, Tyr343 and Tyr517, can independently mediate STAT2 activation by IFN-ls (Dumoutier and others 2004) . Interestingly, the Tyr341-based motif of mIFN-lR1 (YLERP) shows similarities with that surrounding Tyr343 of hIFN-lR1 (YIEPP). In addition, the C-terminal amino acid sequence of mIFN-lR1 containing Tyr533 (YLVRstop) is very similar to the C-terminal amino acid sequence of hIFN-lR1 containing Tyr517 (YMARstop). Therefore, both the mouse and hIFN-lR1 chains contain similar docking sites for STAT2 recruitment and activation, YFEXP and YFXRstop (where F is hydrophobic). Thus, the Tyr341-and Tyr533-based motifs on mIFN-lR1 are also likely to mediate STAT2 recruitment and activation of ISGF3 that are responsible for most of the IFN-l-induced biological activities. Although activation of STAT2 requires the presence of either Tyr343 or Tyr517 on the hIFN-lR1 chain, activation (phosphorylation) of STAT4, and to a lesser degree, STAT1 and STAT3, occurs independently of the tyrosine residues on the ICD of IFN-lR1 (Dumoutier and others 2004) .
Biological Activities
As discussed above, the IFN-l signal transduction cascade is very similar to that induced by type I IFNs (IFN-a or -b) . Therefore, it is not surprising that type I and type III IFNs induce similar biological activities. Both types of IFN possess the intrinsic ability to induce antiviral activity in cells. IFN-linduced antiviral activity has been demonstrated against many different viruses, including encephalomyocarditis virus and vesicular stomatitis virus in several different cell types (Kotenko and others 2003; Sheppard and others 2003; Ank and others 2006) . IFN-l has been shown to inhibit hepatitis B virus (HBV) replication in a differentiated murine hepatocyte cell line (Robek and others 2005) . IFN-l also inhibits replication of subgenomic and full-length HCV replicons in the human hepatoma cell line, Huh7 (Robek and others 2005; Doyle and others 2006; Marcello and others 2006) . Consistent with its antiviral activity, IFN-l induces expression of several classical biomarkers of the antiviral response, including double-stranded RNA-activated protein kinase, 2',5'-oligoadenylate synthetase, and the Mx proteins (Kotenko and others 2003; others 2005a, 2005b) . Interestingly, one group showed that suppressor of cytokine signaling (SOCS)-1 inhibited induction of the OAS1 and MX1 genes (Brand and other 2005b) . IFN-l can also significantly up-regulate expression of the inhibitory gene, SOCS3, suggesting a possible mechanism for feedback inhibition of IFN-l signaling (Brand and others 2005a) . MHC class I antigen expression is also up-regulated on the surface of cells following exposure to either type I or type III IFNs (Kotenko and others 2003) . Up-regulation of MHC class I antigen expression may enhance the ability of the immune system to recognize and destroy virus-infected cells.
The importance of type III IFNs in antiviral defense was highlighted by the recent discovery of a virus defense mechanism that directly targets type III IFNs (Huang and others 2007) . A secreted glycoprotein, known as Y136, produced by the Yaba-like disease virus binds and inhibits signaling by both type I and type III IFNs. Y136 can also block IFN-mediated biological activities, including up-regulation of MHC class I antigen expression and induction of antiviral activity. The ability of Y136 to bind both type I and type III IFNs distinguishes this viral protein from the B18R protein which only blocks binding of type I IFNs.
Overall, the pattern of gene expression induced by either type I IFN (IFN-a) or type III IFN (IFN-l) is very similar. However, the relative magnitude of gene expression induced by IFN-a is often greater than that induced by IFN-l in many cell types. This may reflect a difference in the relative strength of signaling through type I IFN receptors versus type III IFN receptors. Alternatively, this difference may simply reflect a significant difference in the relative levels of expression of these receptors on the cell membrane.
The IFN-l antiviral system is highly conserved throughout evolution, and can be traced back at least to birds (class: Aves). The chicken genome encodes at least one IFN-l gene (Karpala and others 2008) . Although there are only 2 functional IFN-l genes encoded in the mouse genome, the mIFN-l system appears to be fully capable of mediating effective antiviral responses both in vitro and in vivo (Bartlett and others 2005; Lasfar and others 2006) . Forced expression of mIFN-l in a vaccinia virus construct strongly attenuated replication of this virus in several infection models in mice (Bartlett and others 2005) . Mice infected intranasally with recombinant vaccinia virus engineered to produce IFN-l (vIFN-l) did not show any signs of illness or weight loss. In addition, vIFN-l-expressing vaccinia virus was cleared more rapidly from infected lungs, and, in contrast to the control virus, did not disseminate to the brain. Attenuation of vIFN-l2 was associated with increases in both lymphocytes in bronchial alveolar lavages and CD4 þ T cells in total lung lymphocyte isolates.
Consistent with their antiviral activity, the IFN-ls are usually coexpressed together with type I IFNs by virusinfected cells ( Although type I IFNs are able to induce antiproliferative responses in many cell types, the antiproliferative activity of IFN-l appears to be more limited (Maher and others 2008) . The antiproliferative activity of the IFN-ls has been demonstrated using several target cell types, including intestinal epithelial cells (Brand and others 2005a) and the human glioblastoma cell line, LN319 (Meager and others 2005) . The ability of IFN-ls to induce antiproliferative activity in target cells may depend on the relative levels of IFN-lR1 expression because IFN-ls can effectively inhibit proliferation of cells engineered to express high levels of IFN-lR1 by forced expression of an IFN-lR1 expression plasmid (Dumoutier and others 2004) or a chimeric receptor that recapitulates IFN-l signaling in cells (Li and others 2008) .
Type I IFNs are recognized not only for their antiviral activities, but also for their antitumor activity. IFN-a is used clinically as a treatment for various cancers, including Hairy cell and myelogenous leukemias, multiple myeloma, nonHodgkins lymphoma, renal cell carcinoma, Kaposi' sarcoma and metastatic melanoma (De Maeyer and De MaeyerGuignard 1998; Belardelli and others 2002; Pestka and others 2004b) . Because the signaling pathway and biological activities of the IFN-ls are essentially the same as those of the type I IFNs, the potential antitumor activity of IFN-l was examined by several groups (Lasfar and others 2006; Sato and others 2006; Numasaki and others 2007; Abushahba and others 2010) . For example, Lasfar and others (2006) used a gene therapy approach to examine the possible antitumor activity of IFN-l in the murine B16 melanoma model. B16 cells constitutively expressing mIFN-l2 (B16.IFN-l2 cells) were generated and evaluated for their tumorigenicity in syngeneic C57BL/6 mice. Although constitutive expression of mIFN-l2 in melanoma cells did not affect their proliferation in vitro, the growth of B16.IFN-l2 cells, when injected subcutaneously into mice, was either retarded or completely prevented. Rejection of the modified tumor cells correlated with their level of IFN-l2 expression. We then developed IFN-l-resistant B16.IFN-l2 cells (B16 .IFN-l2Res cells) , and demonstrated that their tumorigenicity was also highly impaired or completely abolished similar to the B16.IFN-l2 cells, indicating that IFN-l can activate host antitumor mechanisms that inhibit the growth of certain tumors. These in vivo experiments demonstrate the inherent antitumor activity of IFN-l and suggest an important additional clinical indication for type III IFNs.
Future Directions
The collection of review articles in this special issue of Journal of Interferon & Cytokine Research provides a very informative overview of our current understanding of IFN-l structure and function. The article by Gad and others (2010) reviews what is known so far regarding the physical structure of the IFN-l proteins. Based on structural modeling conducted by Rune Hartmann's group in Denmark, it is now known that the structure of IFN-l is more closely related to members of the IL-10 family such as IL-22 than to type I IFNs such as IFN-a or -b. This is perhaps not entirely surprising because the IFN-l receptor, IFN-lR1 (or IL-28RA), heterodimerizes with the second chain of the IL-10 receptor complex, IL-10R2, to generate functional receptor complexes for IFN-l. IL-22 signals through receptor complexes composed of the ligand-specific IL-22R1 chain and the shared IL-10R2 chain (Kotenko and others 2001; Donnelly and others 2004) .
The article by Iversen and Paludan (2010) in this issue reviews the molecular basis for induction of IFN-l gene expression by viral infection. They discuss the mechanisms by which viruses induce coexpression of type I and type III IFNs. They also summarize what is known currently regarding the transcription factors that orchestrate the induction of IFN-l gene expression. Particular attention is given to the roles of nuclear factor-kB, IRF-3 and IRF-7 in the induction of IFN-l gene expression. The article by Mordstein and others (2010) reviews what is known regarding the role of the IFN-l receptor in innate immune responses to different types of viral infections in mice. By comparing the responses to several different types of viruses in mice with genetic deletions of the IFN-a receptor, IFN-lR1 (Il28ra) or both, these authors have shown that deletion of both type I and type III receptor genes is necessary to markedly inhibit antiviral responses to many viruses. These authors have found that an intact IFN-l receptor signaling system is essential for effective immune responsiveness to viral infections that preferentially infect epithelial cells in the lung and/or gastrointestinal tract.
The review by Pagliaccetti and Robek (2010) discusses the important emerging role for IFN-l as a potential new therapeutic agent for the treatment of HBV and HCV infections. The authors summarize several key preclinical studies that demonstrated that recombinant hIFN-l can inhibit replication of HCV replicons in the Huh-7 human hepatoma cell line model (Robek and others 2005; Doyle and others 2006; Marcello and other 2006) . They also discuss the differential expression of IFN-lR1 and IL-10R2 by various cell types, and provide data that shows that primary human hepatocytes express significant levels of the IFN-lR1 and IL-10R2 genes. These findings compliment the review by Eleanor Ramos (2010) in which she discusses the preclinical rationale for the use of pegylated-recombinant hIFN-l1 as a novel therapeutic agent for the treatment of chronic HCV infection. She also discusses the results of the initial Phase-1 clinical studies of IFN-l1 in patients with chronic HCV infection.
Type I IFNs are used clinically for the treatment of viral infections, various cancers, and multiple sclerosis (IFN-b) . However, severe adverse events associated with type I IFN therapy, including inhibition of hematopoiesis, neuropsychiatric TYPE III IFNS: THE IFN-k FAMILYeffects and influenza-like symptoms, underscore the need for more effective and less toxic therapeutic agents. Although IFN-ls signal via a unique receptor complex, they resemble type I IFNs in terms of their pattern of expression, primary signaling pathway and biological activities. However, the more limited tissue expression of IFN-l receptors suggests that type III IFNs do not simply recapitulate the type I IFN antiviral system. The fact that most if not all hematopoietic cell types do not express IFN-l receptors predicts that, unlike IFN-a, IFN-l may exhibit less hematopoietic toxicity than IFN-a when administered clinically as a therapeutic antiviral agent. Indeed, the results from early clinical trials of recombinant pegylated-IFN-l1 in patients with chronic HCV infection support the prediction that IFN-l will be less toxic than IFN-a as a therapeutic agent (Miller and others 2009; Muir and others 2010) .
Although recombinant IFN-l is being evaluated initially as a potential therapeutic alternative to IFN-a for the treatment of HCV infection, it is possible that this cytokine may also be useful as a therapeutic agent for the treatment of other types of viral infections, including viral infections of the upper respiratory tract. IFN-l might also be useful for treating certain types of cancer. The article by Steen and Gamero (2010) in this special issue summarizes the information now available regarding the antiproliferative and antitumor activities of IFN-l. The results from a number of published studies using murine tumor models support the hypothesis that IFN-l may have potential as a novel antitumor agent for treatment of at least some types of cancer. Finally, the article by Wolk and others (2010) summarizes studies to date that have explored the role of IFN-l in regulating the functions of skin epithelial cells. As mentioned several times throughout this overview article, epithelial cells such as keratinocytes express IFN-l receptors, and treatment with IFN-l induces activation of ISGF3 and subsequent expression of many ISGs in keratinocytes. The ability of type I and type III IFNs to rapidly activate the antiviral state in skin epithelial cells may provide critical firstline defense against environmental challenge by many types of pathogenic viruses.
Although a complete understanding of the role of the IFN-ls in antiviral and antitumor defense has not yet been reached, the discovery and characterization of this novel group of cytokines has greatly advanced our understanding of the innate response to viral infections. It has also paved the way to the development and clinical application of an exciting new group of therapeutic proteins.
